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GEXEEKL H A N D L ~ A L I T B S  Rl!SUUS OBTAINED DURING ACCEPTANCE 

FLIGHT TESTS OF 5 BELL XS-1 AlXLfUE 

By Walter C. W i l l i a m s ,  Charles M. Forsyth, and Beverly P. Brown 

During the  acceptance  teats conducted by the Bell Aircraft 
Corporatfon on B e l l  XS-1 transonic  research  airplane, NACA instru- 
ments were instal lsd t o  n~asure the s t a b i l i t y  and control  :Wac- 
t e r i s t i c s  & the aerodynamic loads. Tests were made in  gliding 

' flight and Ln powered f3ight. Two B e l l  XS-1 airplanes were used 
during the program; one airplene had wing and t a i l   t h i c h e s a e e  of 

airplane had w f n g  and tail thlcbeases  of 8 percen5 and 6 percent of 
t h e  chord, respectively. The results for   the   s tab i l i ty  and control 
IlYsasurenrente are presented i n . ~ , h i s  paper. 

- 10 percent and 8 percent of the chord, respectively, and the other 

I 5  general, the handling qual i t ies  of the Bel l  XS-1 airplane are 
satisfactory in  the f l i g h t  range from mlnlnnun speed t o  a Mach number 
of about 0.8, and the  airplme should be satisfactory for use as a 
research  vehicle. The longitudinal  stabil i ty was positive  but low 
for all conditions tested. T h a .  d i r e c t i o d  stability w a s  exceptionally 
high, snd the lsteral s t ab i l i t y  was positive throughout the  speed range 
tested.  Aileron  controlwae  adequate. The stalling character€s€ics 
were considered  satisfactory w i t h  stall w a r n i n g  i n  the form of 
buffeting. The lnrge amount of f r i c t ion  in the control system, coupled 
with l ow control-operating  forces, made exact  control of the airplane 
d i f f i cu l t .  

There was no appreciable difference in the hetnaltng qUalitie8 of 
the B e l l  XS-1 w i t h  the 10-gercent-thick wing and with the &percent- 
thick wing in  the speed range tested. 

Durlng lgUc, the Army snd t h e  mACA began a cooperative program 
for the development and the procuremsnt of a ser ies  of airplsnes for  
flight research i n   t he  transonic and supersonic speed range. This  
programwas undertaken in anticipation of the increase i n  importance 
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of f l ight   research  in  the traneonic speed range where the aerodynamic 
characteristice of airplane8 were known to 8how large and sudden 
change8 and where  wind tunnels would require long and painstaking 
development t o  provide dependable data. 

AB the f i r a t  phaae of t h i s  l o e r a n g e  h i m p e e d  flight reeearch 
program, the Arqy A i r  Forces  procured f r o m  the Bel l  Aircraft 
Corporation ths -1, a straigh-ng r o o b t i p o w e k d  airplaas. 
During the desiep of ME! airplane,  extensive testa were run in  NACA 
wind tunnels. When the airplane reached the flight-test stage, NACA 
recording  instruments, which provided data on f l i a t s  made during the 
B e l l  acceptance tests, vere installed.  

Ther first f l i gh t  tests f o r  the Bell XS-1 were a series of ten 
glide flights made at   Pinecast le  Arqy A i r  Field, Fla? ,  i n  early 1946. 
During these  flights, which were made for  the purpoae of flight- 
checking the technique of launching the Bell XS-1 f r o m  a B-29 and i n  
order  to  obtain  preliminary  handling  characteristics,  the  rocket mtm- 
fuel tanka and acoeasoriee were not installed.  HACA instrumentation 
for the mea8urement of e tab i l i ty  and aontrol  charracterfetics was 
installed. The remaining demonstration flights were made a t  Muroc 
Army A i r  Base, Callf . , f rom October 1946 to June 1947. During these 
flights, the rocket engine was insta l led .  For these acceptance 
flights, the Bell Aircraft  Corporation had to demnatrate that the 
airplane had eatisfactory  stabil i ty and control  characteristice up 
t o  a Mach  number of 0.8 and a180 hsd to demonstrate f l i gh t  loads 
o f  8g at an indicated airspeed. not exceeding !SO Hilee per hour, and 
flight loads of 8g at the minimum speed a t  which this loading cbuld 
be attained.  Six  glide flights and twenty powered flight6 were made 
during  these tests .  HACA instruments to   maeure  s tabi l i ty  and control 
characteristics and aerodynamic loade were installed for all flights. 
Two Bell XS-1 airplanes were used in  these tests; one had a w i n g  snd 
t a i l  thickness of 10 percent and 8 percent of the chord, respectively, 
and the other had a wing and ta i l  thickness of 8 percent and 6 percent 
of  the chord, respectively. Most of the flights were made with the 
airplane  with the thicker  surfacee, but 80m data were obtained  for 
the airplane with the thinner  surfaces. 

The present paper swnmgcrizes the  reeults of the s t ab i l i t y  and 
c.ontro1 tes te  made during  the  Bell conducted  acoeptance t e s t s  on the 

presented in  reference 1. 
B e l l  m-1. The =Sfits Of the aeKIayaataiC-lOed8 m88W9mnt8 

vi 

V true  airepeed,  feet  per eecond 

indicated  airspeed,  miles per hour 
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Mach nunber 

acceleration of gravity, 'feet  per second. per second 

rolling  velocity,  radians  per second 

wing span, f ee t  

partial   derivative of yawing-momnt coefficient w i t h  respect 
to angle of yaw 

airplane  density  factor (G) 
ma88 of airplane, slug8 

mass dsnsity of air, slugs per  cubic foot 

wing mea, 8quaxe fee t  

normal-force coefficient 

airplane d i g h t ,  pounds 

static  pressure, poundp 

elevator  effectiveness 

per  quare  foot 

(-./2) 
AIRPLANE 

The Bell  XS-1 airplane I s  a %ingle-place, midwing monoplane 
powered by a four-cylinder,  liquid-fuel  rocket engine, built   apecifi-  
cally  for  f l ight  research  in the transonic speed r w e .  The physical 
characterietfcs of ths airplane as tested a m  l is ted in table I. A 
three-view drawing of the airplane is presented i n  figure 1 and 

. photographs of the airplane are presented  as  figure 2. The variation 
of control-surface  position with wheel and pedal plovement is presented 
In figure 3 .  Figure 4 presents n-load meaeurernents of the control- 
system f r ic t ion  made by measuring the control  position and control 
force as the control wa8 slowly deflected. The large amunts of 
f r ic t ion  €n the rudder and aileron control system should be 
especially  noted. 
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The NA .CA instrumentation  installed in the Bel .1 E-1 airplane  to 
measure  the  necessary  quantities  pertinent in determining the handling 
characteristics of the  airplane  consisted of etandard BACA lnternsl 
recording  inetruments synchrontzed by mans of a tilaer, a l&aIllimster 
gun c m r a  to photograph  the  pilot's  instnunsnt panel, a six-chmnel 
NACA radio  telemter, and an SCR 584 radar unit. 

The standard NACA  internal  recording  instruments  measured  the 
following qumtities: 

Indicated  airspeed 

Presaura alti  tude 

' Acceleration  about three axe8 (normal, longitudinal,  and 
transverse ) 

Rolling  or  pitching  velocity 

Sideslip angle 

Control positions (elevator,  stabilizer, rudder, and right 
ai lemn) 

Control operating forces (elevator,  aileron, and rudder) 

The NACA radio  telemeter  recorded the followings 

Indicated  airspeed 

Pressure altitude 

N o m 1  acceleration 

ElevRtor ps i  tion 

Right  aileron  position 

Rudder  position 

The SCR 584 radar ae t m e  m d i  fled for longer  range and incorpo- 
rated an M-2 optical  tracking unit to reduce  the  hunt inherent with the 
radar when  tracking is done automatically. The radar  recorded  airplane 
azimuth and elevation -le anii elant  range f r o m  which the Bell XS-1 
f l lght  path vas obtained. 
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The use OF both internal and remote recording of the quantities 
necessary to  determine contmlbehavior enhanced the  possibil i t ies of 

resul t ing  in   the  loss  of  the airplane. 
. obtaining data fo r  each flight, even i n  the c a m  of an accident . 

The elevator  deflections presented in this paper were measured 
w i t h  respect to the stabilleer.  The stabil izer angles were measured 
wlth respect t o  the fuselage center line and are considered positive 
when the stabil izer nose is up. Rudder an& ailerm deflections were 
measured w l t h  respect to  their neutral  positions. 

A preliminary  calibration of the error  in the static-pressure 
system was =de by the radar-tracking method. The results of .this 
calibration,  although  limited,  indicated  that the etatic-pressure 
error was small and so, consequently, w a s  neglected. 

Since only a limited number of flights w e r e  W e  during t h e  
acceptance tests ,  a complete evaluation of the -ling characterist ics 
of  the airplane was  not obtained. It is f e l t ,  however, that sufficient 
Information hse been obtained t o  determine whether the airplane 

L possesses satisfactory  handling qualitiee for  the speed range tested 
under  normal operating  conditions and to  serve 88 a guide for  future 
research f ly ing  at high8r speeds. 

m 
The B e l l  XS-1 airplane i s  carr ied  a lof t  in the  modified bomb bsy 

of a B-29 airplane an3 launched .at al t l tude . The launching chaxac- 
t e r i s t i c s  of the B e l l  XS-1 are  entirely  satisfactory when the xs-1 is 
dropped f r o m  the B-22 at  about 4 . 3 8  normal acceleration. The XS-1 
is launched  from the B-29 a t  an indicated  airspeed of 260 miles per 
hour so that launching is accomplished well  above the stalling speed . 
of the XS-1, which is over 200 miles per hour when the E-1 is f u l l y  
s emi  ced . 

Control-force and position rmasurements obtained vhile various 
combinations of the  four  rocket chamber8 are either ignited  or  cut 
off  imlicate that t r i m  changes due to  power are snrall. I n  view of 
the large  chmges i n  w i n g  loading  with  the  rocket  engine  operating 
and difficulties  experienced in  determinlng airplane weight i n  flight, 
most of the results presented  herein a m  f o r  the fuel-empty condition. 
The wing loading6 mil centel.-of"gravlty  locations  for powe-n f l i gh t  
are therefore only approximations. 

- 
I;ongitu&inal Stabi l f ty  and Control 

t The d-c longitudinal stabillty of the Bell XS-1 w a s  investi- 
gat& i n  maneuvers made by abruptly  deflecting and releasing the 
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elevator  control.  Results of these  teste are presented in   f igure 5 .  
This figure sktows that the ehort-period longitudinal  oscillation is 
completely damped. 

The s ta t ic   longi tubinal   s tabi l i ty  was obtained from masuremnts 
of the  elevator  positions and forces  required to  t r i m  a t  various 
speeds. Figures 6 to 9 present  the  results  of these lneasurements. 
~n figure 6 the elevator position and force  required  for t r i m  as a 
f’unction of indicated  airepeed is plotted  for steady gliding flight 
a t  various wing loadings and stabil izer  posit ions  for the airplane 
with the 10-percent-thlck w i n g .  Examination of the data shows that 
both  the  stick-fixed and atick-free s ta t ic   longi tudinal   s tabi l i ty  are 
positive  but low. The relat ively high f r i c t i o n   i n  the elevator 
control (k3 l b )  combined w i t h  the small s i z e  of the  elevator and low 
stick-free  stabil i ty has the  effect  of masking the msasured control 
forces. The elevator-position  variation w i t h  indicated  airspeed of 
figure 6 is replot ted  in  figure 7 as the variation of elevator 
position for t r i m  with normal-force coefficient.  TIp elevator 
positions have been corrected t o  zero stabilizer angle by using a 
value of T, the elevator  effectiveness, of 0.42 obtained from flight 
data. A marked increase in the s t ick- f ixed   s ta t ic   s tab i l i ty  is 
noticed  as maximum l i f t  i s  approached. These resu l t s  are in  general 
agreensent with wind- tunnel  resul ts .  

The variation of elevator  position w i t h  indicated airspeed and 
Mach  number for steady powe- flight is preeented i n  figure 8. The 
centewf-gravity  location  for  these  results was at about 22.6 percent 
wan aerodynamic chord as compared with the  center-of-gravit;y  location 
of about 25 percent mean aerodynamic chord for  the resu l t s  of fig- 
ures 6 and 7. The speed  range  covered was From an indicated  airspeed 
of 284 miles per hour t o  406 miles  per hour and fo r  a Mach nmiber 
range  from 0.53 t o  0.75. The resul te  as seen from this figure indicate 
that power has l i t t l e   e f f e c t  on the longitudinal  atabil i ty of the 
Bell XS-1 up to  the highest speeds tested. Also, no undesirable 
longi  tudinal-trim changes are indicated. 

The reeul ts  of t e s t s  w i t h  the 8-percent-thick wing ( f i g .  9) in 
steady gliding flight, although limited, bear out the positive  but 
low stat ic   longi tudinal   s tabi l i ty  evidenced by the resul te  for the 
airplane incorporating the lo-percent-thick wing. No appreciable 
differences  in the static  longitudinal s tabi l i ty  of the Bell  XS-1 air- 
plane  with  eitlier  the lO-percent-thick or  the 8-percent-thick wing 
are evidenced from these  result8  (figs.  6 and 9 ) .  

The elevator  force and deflection  required  to produce a unit 
change i n  normal acceleration and t h e  elevator  deflection  required to  
produce a unit change in normal-force coef f ic ien t   in  turns are used 
to determine the longitudinal  stabil i ty of the B e l l  XS-1 airplane i n  
accelerated flight. These date. were obtained i n  turns Wrth stead1l;g 
inCreesine; n o m 1  acceleration at en essentially  conetent  airepssd and 

, 
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al t i tude so that complete data fo r  a given Mach nuniber would be 
obtained i n  one run. Time histor ies  of two turns a m  presented in 
figures 10 and 11. In one turn ( f ig .  10) the record switch was 
turned on a f t e r  the turn was started,  but  the turn wae f a i r ly  steady 
uonsidering the f r i c t ion  in  the  control system. In the  other turn 
(fig.  11) the elevator wae n v e d  IXI an unsteady manner and the rate 
of increase  of  acceleratxon w i t h  ttms vae too high a t  the beginning 
of the turn. Since  several  of the turne w 8 ~ 6  made in this manner, 
the slopes of. the cwvee of elevator  deflection against nom&-force 
coefficient and the elevator foroe per g ehauld be compared only In 
a general way fo r  large changes in acoelers t ion  or   l i f t   coeff ic ient  
for  turns at  diff'erent Mach numbere. Figures 12 through 16 preeent 
the stick-fired and stick-fme  accelerated-flight longltudined- 
s t a b i l i t y  results obtained fKnn the turne. The Mach mufiber range 
covered is from 0.48 to 0.75. The elevatozcgoeltion variation w i t h  
normal acceleration and normal-force coefficient emd the  force 
per g gradients indicate a decrease in s t ab i l i t y   fo r  turn5 (figs. 1 3  
t o  16) made at  Mach numbers from 0.65 t o  0.72. A t  the hlghest Mach 
number tested (M = 0.75) an increase in longitudinal  etabil i ty is 
indicated ( figa. 14 and 16). 

The elevator  control in  landing was sufficiently powerful t o  
effect  landings near minimum epeed vlth the stabilizer s e t  near 

- .neutral  in the center -ofwavi ty  range tested.  T b e  histor ies  of 

that I n  figure 19 w h e r e  the highest l i f t  coefficient was reached, 
nearly full-up elevator was used. 

a landings are given in   f igures  17, 18, Md 19. ft ~ h o u l d  be noted 

.. 
Lateral and Direct ional   Stabi l i ty  and Control 

The only measure of aileron effectivenees obtained during the 
, B e l l  conducted acceptance flights was obtained from a few rudder- 

fixed  aileron rolls at  indicated airspeed6 of 153 miles per hour, 
260 miles per hour, and 315 miles per hour. The remlts w e  plotted 
in figure 20 as the variation of helix angle  pb/m ~ l t h  right 
aileron  deflection. Examination  of this figure shows that although 
the maximum value of pb/2V with full aileron deflection as obtained 
in the rolls at an fndicated  airsgeed of 260 miles per hour is bel- 
the minimum acceptable of 0.07 radian, the rate of change of pb/W 
w i t h  aileron  deflection cornpares fairly well with that of preeent- 
day fighters.  The a l l e ron   con t ro l l s  considered  satisfactory, 
however, because even though the rcaxinsun pb/'N obtainable v i t h  th6  
Bel l  XS-1 i s  low, the  roll ing  velocit ies are f a i r ly  hi& because of 
the sbrt wing span. No satisfactory measurelllents of the aileron 
control  forces were obtained because the high  aileron  friction (see 
f ig .  4) masked the aileron  forces. An InCtication of the  effect  of 
the  a i leron  f r ic t ion  in  the handling characterletice of the B e l l  
x6-1 airplane l e  given in figure 21, which is & eanple time history 
f r a m  a steady-flight  record. The pllot is continually apply-ing 
aileron force; the ailerons, however, are not moving. 
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The static  directional  stubillty of the Bell XS-1 was masured 
i n  continuous  aideelips made by slswly  deflecting  the  rudder and by 
using aileron and elevabr control to maintain  s$raight  flight  at 
constant  speed. The reeulte of them tests are presented in fig- 
urea 22 to 24 where  rudder,  aileron, and elevator  position and angle 
of bank are shown as  f'unctione of eideelip angle. control-force 
measuremnta were made durlng W e e  teets .  The directional  stability 
as  indicated  by t b  variation of rudder  poeition w i t h  sideslip  angle 
is  verg high. Values  of C calculated f r o m  these  data show very 

close agreemsnt  with t he  Mad-tunnel msasured value of C = 0.0034. 
This value of Cn indicates  directiorrsl  stability  about  three  times 

a8 great ae that  msaeured on fighters which were considered  to have 
good  directional  etability. The lateral etability  (dihedral  effect) , 
ie positive for all conditions  tested 88 indicated  by the veriation 
of aileron poeition with sideslip angle. The pitching  moment  due to 
sideslip was small under all conditione  tested '&8 ehovn by the 
variation of elevator angle w3th  eideelip angle. The croserind 
force  was  positive;  that is, right  bank  accompanied  right  sideslip. 

9 
s(, 

f 

The  sideslip  due  to the UBO of ailorom was emal l  even at low 
'speeds due to the high directional  etabllity and relatively low 

- .  values, of helix angle pb/2V. T i m  histories of aileron rolls made 
'with rudder  fixed are ehrnrn i n  figure 25. The rudder control was 
eufficiently  powerful to overcorns the sideelip  due to the use of 

'. ailerons ae indicated in figure 26, whlch presents  ti- histories 
of abrupt  aileron rolle in wfiich the pilot  overcontrolled and used 
more rudder than neweeary to overconm the eidealip due to  ailerons. 

During the  courae of the  aoceptance  flight  tests,  inadvertent 
lateral  oscillatians were encountered at  fairly high Mach  nunibers 
which  were  induced by small control  mvemsnts. These oecillations 
were poorly damped. A time  history  of an oeoillation  encountered in 
straight  flight ie presented in figure 27. An oscillation which 
occurred  during a turn entry is shown in figure 28. A lateral 
oscillation  following  abrupt release of the  rudder from a yawed 
condition is erhown in figure 29. It should  be  noted  that  the 
oscillation  continues  at emall amplitude although the  initial  damping 
of the disturbance  is  satisfactory. 

Previous  analyeis of the lateral-etability  boundaries  for the 
Bell XS-1 indicated  that,  with the high directional  stability, the 
airplane waa in  the  region of sp ira l  divergence end well removed from 
the bound- of  unstable  lateral  oscillations. These poorly w e d  
oscillations were, therefore,  difficult to explain.  It was thought 
that possibly fie1 eloshing might  be  reeponsible  for the poor  darr!ping 
.of these oscillations since large quantities of fuel are carried in 
spherical  tanks. In order to investigate the possibility of t h e  fuel 
affecting the damplng of the lateral osciilation, a series of 
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0 pilot-induced  oscillations were made with variow &nnunta of fuel 
aboaxd. The altitude  for the maneuver8 was varied so that the a i r p l a n e  
density  factor  and  Mach  number  were  essentially  constant. The pilot 
attempted  to  deflect t he  rudder  abruptly and then to  return  the  rudder 
to  neutral  and  hold  it there. The reeults  of  these  teste are presented 
a8 ti-  histories  of the rudder  kicks in figure 3 0 .  AB can be aeen in 

. this  figure, the pilot  did not hold the rudder  or  ailerons  steady  af-r 
initially  deflecting the rudder. It  is difficult to draw any definite 
conclueions concerning the effects of fnel on the awing of the 
lateral  oscillatione  because  of  these  control  notione. Thetre is m 
evidence, however, that  tbe  presence  of fuel aboard had any effect on 
the damping of t h e  lateral  oscillations. 

c 

Stalling  Characteristice 

The  stalling  characteristic8 of the B e l l  XS-1 were investlgateb 
in unaccelerated  flight and in accelerated  flight. Time histories  of 
s t a l l s  made vith flaps  and gear up are preeented in figures 31 and 32 
for  the B e l l  31s-1 with the 10-percent”thick wing.  In the s t a l l  
presented in figure 31, the  pilot  discontinued the stall  approach at 
the  first roll-off. The p i lo t  reported that the ro l ldf f  vas 
preceded  by  buffeting. In the stall  presented  in  figure 32, the 
pilot  continued  the  stall  approach  after the initial roll. A n  
oscillation in roll developed w h i c h  the pilot  controlled  up  to the 

shmld be noted  that fnll-up .elevator was used at the s t a l l .  For  this 
ti=  history, it w a ~  atssumsd  that the airplane YBS at l g  up to the 

coefficient. A time  history of a s t a l l  made w i t h  the B e l l  XS-1 with 
the  &percent-thick  wing, flap and gear up, is presented in figure 33. 
The stall ing characterietics. vlth the  8-percent”thick w i n g  are similar 
to the characteristics masured with the 10“percent-thick w i n g .  Tim 
histories of stalls made vith flaps and gear down are preeented  in 
figures 34 and 35 for  the  l&percen+thick  and  &percentthick wings, 
respectively. The stalling  characteristics  with  flap8  and gear down 
are similar t o  the characteristics w i t h  f l a p s  and gear up. The pilot 
reported  stall =mine in  ths form of buffeting in all casoe, and the 
rolling  notions  during the stall were never violent. The stall ing 
characteristics  in l g  flight, as measured during the flight bets, 
are in gensral  agreement w i t h  the etall ir ig characteristics  predicted 

- stall which waa evidenced by the afrplans pitching dowrward. It 

.. time of minimm .aped, in calculating values of normal-force 

’ from t h e  wind-tunml  tests. 

. . The stalling  cbaracteristica in accelerated  flight were consldered 
satisfactory. There was stall warning in the form of  buffeting,  and 
t h e r e  were no violent  notions of the airplane a8 the s tdl  was 
approached. A tine  history  of a stalled turn is preeented in figure 36. 

figures 37 and 38. It should be noted in figye 37 that a r o l l l n g  
- Tfme histories  of  abrupt pull-ups to the stall ere preeented in 



10 NACA RM No. L8AW 

osci l la t ion accompanies the stall, but the airplane did not roll 
completely  over when .the ailerons were not used. In figure 38, aileron 
control was applied a t  the stall and a map roll resulted. 

General  handling-qualitiee  results  obtained during the acceptance 
tests conducted by the Bell Aircraft  Corporation on the XS-1 airplane 
showed the following: 

1. In general, the handling  qualities of the B e l l  XS-1 airplane 
were satisfactory f o r  a l l  normal operating  conditiona tested, from 
minlmum s p e d  t o  about a Mach  number of 0.8, and the airplane should 
be sat isfactory  for  a research  vehicle. 

2. The lmge amunts of  fr iction i n  the control system made 
precision  flying of the airplane  difficult ,  and also caused diffi-  
cu l t i e s   i n  the msasurement of control  forces. 

3.  No appreciable  dlfferences were noted between the hmdl lng  
characterietics  of the Bell XS-1 with the lGprcent-thfck wing and 
with the 8-percent-thick w i n g .  

4. The stat ic   longi tudinal   s tabi l l ty  was positive but low 
throughout the speed range tested. No abnormal t r i m  changes due t o  
Mach  number e f fec ts  were noted. 

5.  The longitudinal  stabil i ty  in  accelerated flight was positive 
throughout the speed range. A region of low s t ab i l i t y  was noted i n  
the Mach number range from 0.65 t o  0.12, but the s t ab i l i t y  is increased 
a t  a Mach number of 0.75. 

6 .   he elevator  control was sufficient- powerful to ef fec t  
landings near minimum s p e d  with the stabilizer near  neutral and the 
center  of  gravity a t  approximately 25 percent man aerodynamic chord. 

7. The maximum value of pb/W obtainable w i t h  f’ull aileron ’ 
deflection was below the required minimum of 0.07 but, due to the 
short wing span, the roll ing  velocit ies were high enough tht the 
control was considered satisfactory.  

8 .  The directional gtabi l f ty  as msasured i n  steady sideslips 
w a s  very high. The s ldesl ip  due t o  the use of ailerons w a 8  very low, 
and the rudder power was suf f ic ien t   to  overcorn any sidesl ip  due to  
r o l l .  

.. 

. 

. 



9 .  The l a t e r a l  
.I positive  throughout 

s tabi l i ty ,  a6 measured i n  steady  sideslips, UBE 
the speed range tested.  

10. Poorly damped Lateral  oscillations were encountered which 
cannot be accounted for by the  relation of direct ional   s tabi l i ty  t o  
l a t e r a l   s t a b i u t y ,  nor can the poor daInping of these  oscillations 
be attr ibuted t o  fuel sloshing. 

Langley Memorial Aeronautfcal  Laboratory 
National Advisory Committee for Aeronautics . 

Langley Field, Va. 

1 Beeler, De E -, and Mayer, John P. : Measurements of the Wing and 
T a i l  Loa& durhg the Acceptance Tests of XS-1 Research . Airplane. N X A  RM Bo. L n l 2 ,  1947. 
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PBYSICAL CHARACTERLSTICS OF BELL XS-1 

Efqine t . . . . . . . . . . . . .  Reaction %tore, Inc. W e 1  600x4 
R a t i n g  . . . . . . . . . .  1500 lb e ta t l c  thruet at eea level   for  

eauh of the four rocket  cylindere 

Fuel . . . . . . . . . . . . . . . . . . .  Diluted ethyl alcohol 
Oxidizer . . . . . . . . . . . . . . . . . . . . .  Liquid oxygen 

Propellant flow . . . . . . . . .  A p p m x h a t e l y  1.9 lb/sec/cylinder 
Fuel feed . . . . . . . . . . . . . . .  H i g h  preeeure nitrogen gae 

Propellant t 

Weight for  acceptance testst 
hfaximum: 

With full load and incorporatfng  8-peraent-cthick 

With full load and inuorporatfng  l0-percentithick 
wing , lb  . . . . . . . . . . . . . . . . . . . . . .  12,250 

w l q , l b  . . . . . . . . . . . . . . . . . . . . . .  12,000 
Minimum: 

Landing condition,  &prcen%thick wing, lb . . . . . . .  7,000 
Landing condition,  10-percent+thick wing, lb . . . . . .  6,730 
Without engine or aoceeeoriee (Fla.  toeta),  lb . . . . . .  4,230 

win& loading: 
Maximum ( 8-prcent-thick wing with iull fuel load), 

Minimum (10-percen.Gthick wing without engine or 
lb/aq f t ' .  . . . . . . . .  ' . . . . . . . . . . . . . . .  94.4 
acceaaorie8, Fla. tes te) ,  lb/sq ft . . . . . . . . . . . .  32.6 

Center-of-gravity  travel,  percent M.A.C . . .  MaJdnun 22.1 percent f'ull 
load to 25.3 percent empty 

0ve1call height, ft . . . . . . . . . . . . . . . . . . . . . .  10.85 

Wingt 
Area (including section  through  fuselage) aq f t  . . . . . . .  130 
Span,ft  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  28 

Airfo i l  section . . . . .  RACA 65,-110(a = 1) and HACA 65,-108( a = 1) 

M ~ e n  aerodynamic chord, in.: . . . . . . . . . . . . . . . .  .57.71 
Location ( af t  of LS. root  chord), in. . . . . . . . . . . .  6.58 

Aspect r a t io  . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 

Root chord, in. . . . . . . . . . . . . . . . . . . . . . . . .  74.2 



TAB= I . Continued . 

. 

. 

W Y S I C A L  CHARACTERISTIC3 OF BELL XS-1 AIRPIME . Continued 

T ~ P c ~ O F ~ . ~ P  . . . . . . . . . . . . . . . . . . . . . . . . . .  37.1 

Taper ratio . . . . . . . . . . . . . . . . . . . . . . . . . . .  2:1 

Incidence. deg: 
Root . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.5 
Tip . . . . . . . . . . . . . . . . . . .  . . o o o o . o m o * 1 . 5  

Sweepback (leading edge). deg . . . . . . . . . . . . . . . . . .  5.05 

Dihedral (chord plane). dog . . . . . . . . . . . . . . . . . . . .  0 

Wing flaps (plain):  
Area.sQft  . . . . . . . . . . . . . . . . . . . . . . . . .  11.6 
span. ft . . . . . . . . . . . . . . . . . . . . . . . . . .  5.83 
.Chord. root. in . . . . . . . . . . . . . . . . . . . . . . .  14.84 
Chord. t i p .  in . . . . . . . . . . . . . . . . . . . . . . . .  10.58 
Travel.dsg . . . . . . . . . . . . . . . . . . . . . . . . . .  60 

Aileron: 
Area (each aileron behind binge line). ep it . . . . . . . .  3.13 
Travel. deg . . . . . . . . . . . . . . . . . . . . . . . . . .  
Chord. percent Wing chord . . . . . . . . . . . . . . . . . . .  15 
Root -msmquare  chord. ft . . . . . . . . . . . . . . . . .  0.%5 

Span. ft . . . . . . . . . . . . . . . . . .  . . . . . . .  5.8 

Horizontal tail: 
Area.aqft  . . . . . . . . . . . . . . . . . . . . . . . . .  26.0 

. Span. f t  . . . . . . . . . . . . . . . . . . . . . . . . . .  11.4 
Aspectratio . . . . . . . . . . . . . . . . . . . . . . . . . .  5 
Distance from airplane design c o g  . to 25 percent H.A.C. . 

o f t a i l .  it . . . . . . . . . . . . . . . . . . . . . . .  13.3 

Stabilizer travel. deg (power actuated) . . . . . . .  3° =eo up . and 
loo nose down 

Elevator (no aerodynamic balance): 
A r e a . s q f t  . . . . . . . . . . . . . . . . . . . . . . . . .  5.2 
Travel f r o m  stabllizer. deg . . . . . . . . . . . .  15O no88 up and 

Root-mean-equare chord. ft . . . . . . . . . . . . . . . . .  0.464 
Chord. percent horizontal-tail chord . . . . . . . . . . . . . .  20 

70 no80 d m  

. 
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TABU I - Conoluded 
PBPSICAL CHARACTERISTICS OF BELL %S-1 AIRPLWE - Concluded 

Vertical tall: 
Area (excluding dorsal fin), eq f't . . . . . . . . . . . . . . 
Total height dxme horizontal s tabi l izer ,  in. . . . . . . . 
Fin: 

Area (excluding dorsal), sq ft . . . . . . . . . . . . . 
Offset from thrust axis, deg . . . . . . . . . . . . 
Area,  sq ft . . . . . . . . . . . . . . . . . . . . . . . 
%vel, deg . . . . . . . . . . . . . . . . . . . . . . . 
Root-lllean-equare chord, ft . . . . . . . . . . . . . . 
Chord, percent  vertical-tail chord . . . . . . . . . . . 

Rudder (no aerodynamic balanse ) : 

S p a n , f t  . . . . . . . . . . . . . . . . . . . . . . . .  

. 20.4 . .  0 

. 5.2 . 6.58 
+15 

0.798 
0 20 
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Figure 1. - Three-view drawing. XS-1 airplane. 
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Figure 3.- Variation of control-eurface  deflection with pilot ' s   control  
position. XS-1 airplane. 
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Figure 4.- Control forces  required t o  deflect  control surfaces under no 
load on the ground. XS-1 airplane. 
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v 
Figure 5 - Time histories of abrupt deflection and release of elevator 

control. XS-1 airplane. = 32.5 lb/sq ft S 



Figure 6. -  Variatlon of elevator stick force adposition required far trh with-indIcated 
airapeed aa meamred in steady gllding flight a t  various xlng loadin@ and stabilizer 
positions. Center-af-gradty location a t  approximately 25 percent M.A.C. XS-1 airplane 
with 10-percent-thick xlng. 
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Figure 7.- Variation of elevator  position,  corrected to zero stabilizer 
Position, required for trim with normal-force  coefficient for steady 
gliding flight with flaps and gear up. Center-of-gravity location 
at approximately 25 percent M.A.C.; XS-1 airplane with lopercent- 
thick wlng. 
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.. 

Figure 8.- Variation of elevator  position  with  indicated  airspeed and 
Mach  number f o r  trim Fn steady powered f l i gh t .  XS-l airplane with 
10-percent-thick wing. Center of g rav i ty   app romte ly  - 
22.6 percent M.AX -; = 89 lb/sq f t  Stxbilizer  posit ion 2 =lo- 

S 
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Figure 9.- Variation of elevator st ick form and position vlth indicated airspeed for  trim in steady 
glldlng fl ight with several etabillzer  eetthge. XS-1 airplane with 8-percent-thick wing. 
Center of gravity 23 percent M.A.C.; = 53.8 lb/sq ft. 

S 

E 

.. . . . 
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Figure 10 .- Time history of a  power-on turn with s l o w l y  increasing 
normal acceleration at a Mach number of about 0.75. XS-1 afrplane 
with l0-percent-thick ning. 
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Figure U.- Tclms hlstory of a power-off turn wfth rapid&- increasing 
n o m 1  acceleration  at  a Mch number of about 0 -72. XS-1 airplane 

c wfth 8-percent-thick wing. 
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(a) Variatian of elevator poeftlon 
with normal aooeleration. 

Figure 12. - Results obtained i n  turns a t  Mach numbera of 0.48 
and 0.49, XS-1 airplane with 3.0-percent-thick wing. Gliding 
fli&t; center of' gravity, 25.3 percent M.A.C .; = 51.9 Ib/sq ft. 

S 
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(b) Variation of elevator position  with 
normal-foroe coeffioient. 

Flgure 12. - Continued. 
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( 0 )  Variation of elevator wheel force  
with normal aooeleratlon. 

Figure 12.- Concluded. 
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(a) Tar t a t ion  of e leva tor   pO8i t im 
with normal aocelerat ion.  

Figure 13. - Rssul ts  obtained in turnrr at Mach numbers of 0.53,  0.65, 
and 0.69. XS-1 airplane with 10-percent-thick wing. G l i d l n g  
fli&tt; center of gravity, 25.3  percent M.A.C.; E S = 51.9 lb/sq ft- 
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(b) Variation of elevator posit ion 
with normal- force coef f io ient  . 

Figwe 13. - Conthued. 
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.(o) Variation of elevator wheel form 
uith normal acceleration. 

Figure 13. - Concluded. 
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(a) Variation of elevator  position 
with normal ameleration. 
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(b) Variation of elevator position 
w i t h  normal- force ooeff loient. 

Figure 14.- Continued. 
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( 0 )  Variation of elevator wheel foroe 
with normal aooeleratlm. 

Figure 14 - Concluded. 
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(a) Variation of elevator p o e i t i m  
with normal aooeleratlon. 

Figure 15.- Results obtained in turns at Mach numbers of 0 -67, 0 -68, 
XS-1 airplane with 8-percent-thick wing. GUding fliat; center 
of gravity, 25 percent M.A.C.; = 53.8 l b / q  ft . 

S . 



38 NACA RM No. MA09 

(ti) Variation of elevator defleotlon 
with normal-form ooeff loient .  

Figure 15. - Continued. 
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(a) Variation of elevator position 
with normal aooeleratfon. 
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(b) Variation of elevator angle with 
normal-f orce coeff foient. 

Figgre 16. - Conthued- 

. 
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( c )  Variation of elevator wheel force 
with normal aooel  erat ion. 

Figure 16. - Concluded. 
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Flg~are 18.- T i n e  history of a landing, XS-1 airplane  with  33-percent- 
thick wing. Center of gravity, 25.3 percent M.A.C. 
E = 51.9 lb/sq f t .  Stabi l izer   set t ing,  0 .e. 
S 
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Figure 19.- Time histoqy of a landing, XS-1 airplane with 
10-prcent-thick wing. Center of gravity, 25 percent M.A .C . 
E = 32-5 I b / q  ft Stabilizer setting, 1.1'. 
S 
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Figure 20 .- Variation of helix angle pb/2V with change in riat 
aileron deflection 88 measured in clean condition, rudder-fixed 
aileron r o l l s .  XS-3. l.0 -percent-thick- airplane 



. . . . . . . . . . . . . . . .. . , . .. 

II. c v 1 I 



48 NACA RM No. L8A09 

i 

(a) Vi = 130 mph. 

Figure 22.- Steady sideslip characteristics, XS-1 a i r p l a n e  with 
lC-percent-thick w i n g .  Glia- fl ight;  flaps &ad gear down. 
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(b) Vi = 150 mph. 

Figure 22.- Continued. 
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( c )  Vi = 172 q h .  

Figure 22.- Concluded. 
L 
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Fi-e 23.- Steady sideslip  charaoteristics, XS-1 airplane with 
l-ercent-thick wing. Flaps and gear up. 
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( c )  Power on; Vi = k00 mph; M = 0.72. 

Figure 23.- Concluded. 
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Figure 24. - Steady sideelip characterietica, XS-1 airplane with 
8-percent-thick wing. Power on; flap and gear up; Vi = 295 mph; 
M = 0*77.  
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Figure 25 .- Time histor ies  of abrupt aileron rolls a t  lw mph with 
rudder held fixed. XS-1 amlane. 
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Figure 26.- lime hietorlee of aileron r o u e  a t  1% mph i n  which the 
pilot used more rudder than neces~ary to overcome t h e  Sideslip 
due t o  ailerons. XS-1 airplane. 

. 

. 
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Figure 27 .- Time history of a stick-fixed inadvertent lateral 
oscil lation. G l i d l n g  flight; relative density factor, p of 
about 100 XS-1 a irp lhe  with 10-percent-thick wing. 
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Figure 28.- Time history of an inadvertent lateral olscillation i n  a 
power-off turn, rough air .   Relat ive density factor p of about 45. 
XS-1 airplane with l0-percent-thick wing. 
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* Figure 29.- Time history of abrupt rudder  release wfth power on. 
M = 0.73, E = 72.1 lb/sq f t  . XS-1 airplane wfth 10-percent- s 
thick wing- 
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Figure 30.- Continued. 



62 NACA RM No. L8A09 

( c )  25 p r c e n t  fuel .  

Figure 30.- Continued. 
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(a) No fuel. 

Figure 30.- Continued. 
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(e) No fuel. 

Figure 30. - Concluded. 
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Figure 32. - Time history of a  steady e t a l l .  XS-1 airplane with 
10-percent-thick ning. GlidFng flight; f laps  and gear up; 

S 
= 32.5 lb/sp f t .  Stabilizer eettinge, l .Oo .  

4 

. 
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Figure 33 .- 'PW history of a steady stall, XS-1 airplane with 
8-percent-thick whg. Gliding flight; flap8 and gear up. 
E = 53.8 l b / q  ft . Stabilizer setting, 2.35O . 
S 
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Figure 34. - Tlme history -of a steady stall,  XS-1 airplane with 
10-perwnt-thick wing- G l i d i n g  flight, flaps and gear down. 
Center of gravity, 25 percent M.AX E = 32.5 l b / q  ft . 
Stabi l izer  ae.tting, 1.0~. 

S 
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Figure 35.- T i m  history of a steady s t a l l ,  XS-1 airplane wlth 
8-percent-thick wing. G l i d l n g  flight, f laps and g e m  down. 

Center of gravity, 25.0 percent M.A.C. = 53.8 lb/sq ft. 
Stabi l izer  poettion, 2 -35's 

S 
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Figure 38. - TFme history of an abrupt pull-up followed by a map r o l l .  
XS-1 airplane with 8-percent-thick wing- Center of g r a v i t y ,  
25 .O percent M.A.C . = 53.8 lb/sq ft . Stabilizer position, 2' 

S 

L 


